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Abstract 
Thermophiles are well known as organisms that can withstand extreme temperature. Thermoenzymes from thermophiles 
have numerous potential for biotechnological applications due to their integral stability to tolerate extreme pH and 
elevated temperature. Because of the industrial importance of lipases, there is ongoing interest in the isolation of new 
bacterial strain producing lipases. Six isolates of lipases producing thermophiles namely K7S1T53D5, K7S1T53D6, 
K7S1T53D11, K7S1T53D12, K7S2T51D14 and K7S2T51D19 were isolated from the Selayang Hot Spring, Malaysia. 
The sampling site is neutral in pH with a highest recorded temperature of 53°C. For the screening and isolation of lipolytic 
thermopiles, selective medium containing Tween 80 was used. Thermostability and the ability to degrade the substrate 
even at higher temperature was proved and determined by incubation of the positive isolates at temperature 53°C. 
Colonies with circular borders, convex in elevation with an entire margin and opaque were obtained. 16S rDNA gene 
amplification and sequence analysis were done for bacterial identification. The isolate of K7S1T53D6 was derived of 
genus Bacillus that is the spore forming type, rod shaped, aerobic, with the ability to degrade lipid. Meanwhile, isolates 
K7S1T53D5, K7S1T53D11, K7S1T53D12, K7S2T51D14 and K71S2T51D19 were derived of the genus Brevibacillus. 
These isolates are capable of producing lipases. Sequence alignment done through NCBI BLASTn, shows that isolate 
K7S1T53D6 shared the highest similarities with Bacillus sonorensis with a 97% score. Meanwhile, isolates K7S1T53D5, 
K7S1T53D11, K7S1T53D12, K7S2T51D14 and K7S2T51D19 shared the highest similarities with Brevibacillus 
borstelensis with 98% score. In conclusion, it can be established that the isolates derived from two genuses, which are the 
Brevibacillus and Bacillus with 93% to 98% sequence homology. 
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1. Introduction 
Due to their vast biological adaptations and many industrial applications, Thermophiles are considered as 
on of the most important microbes. The ability of thermophilic bacteria to grow and propagate at elevated 
temperature and to produce extracellular enzymes with unique and valuable properties was due to their ability 
to manipulate their genetic composition. Therefore, these microorganisms are considered as the most valuable 
bioprospecting microbes for industrial and biotechnological applications. Thermophiles produced 
thermostable enzyme that possessed unique properties such as high stability in organic solvents and detergents 
[1]. Lipases or also known as triglyceride lipase are water-soluble enzymes that catalyze the hydrolysis of ester 
linkages in triglycerides, degrading it into glycerol and fatty acids. It constitutes the most important group of 
secondary metabolites that are widely exploited [2]. Lipases can be isolated from animal, plant and 
microorganism such as mesophilic bacteria, yeast and fungi. Microbial producing lipases are commercially 
important due to their versatile properties and their widely extracellular production compared to other natural 
sources [3]. Compared to their mesophilic counterparts, lipases from thermophiles are more superior in terms 
of their resistance and high reaction rates at extreme pH and temperature [4]. It has unique characteristics such 
as broad substrate specificity, region specificity, position selectivity, do not require cofactor, stereo selectivity 
and quite stable and active in organic solvent, extreme pH and temperature [5]. 
2. Materials and methods 
2.1 Field Sampling 
Environmental hot water samples were collected from Selayang Hot Spring and the current temperature 
and pH were recorded. Water samples were inoculated in enrichment broth medium A to enrich the culture 
suspension before further cultivation to enrichment agar medium A.  The media were incubated at 53 ºC for 
48 hrs to ensure the propagation of the general thermophiles. Incubation at a temperature higher than 50 ºC 
will eliminates the risk of contamination of mesophilic bacteria. Any growth of colonies observed on plate A 
were further inoculated onto selective medium B for the screening of thermophiles that are capable of 
utilizing lipid as its substrate. 
2.2 Lipolytic Activity 
For the enrichment of the thermophiles, medium A consisiting of sodium chloride (1%), bacto yeast extract 
(1%), peptone (2%), and agar (2%) were prepared and adjusted according to the pH of the sampling site [6]. 
Medium B that contains sorbitan monoleate (Tween 80) was used as the screening medium to detect the 
lipase-producing thermophiles. Lipolytic activity can be detected via the hydrolysis of a clear zone around the 
colony. The screening medium used, consisting of (g/l): peptone (10), sodium chloride (5), CaCl2.2H20 (0.1) 
and agar (20) were prepared in neutral pH according to Fariha et al. (2006) with minor modifications [6]. 
Tween 80 at the concentration of 1% was added separately to the medium after sterilization process (121ºC, 
15 min). 
2.3. Conventional biochemical test methods 
The following biochemical tests were done on all the bacterial isolates that showed positive lipolytic 
activity: oxidase, starch hydrolysis, V-P reaction, catalase, urease, citrate, carbohydrate utilization, indole 
production and methyl-red test. All biochemical tests were conducted according to standard and established 
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biochemical charts [7]. 
2.4. Morphological Characterization 
All of the isolates that showed positive lipolytic activity on the screening medium were further 
characterized on the basis of microscopic appearance and cultural characteristics. The morphology of the 
isolates was observed microscopically to deduce their responds towards Gram staining, spore staining and 
acid fast staining test. The evaluations based on the shape, size, elevation and opacity were also done towards 
the colonies characteristics after 48 hours incubation on selective medium at 53 C. In addition, motility agar 
stab was prepared to determine the existence of flagella in the selected bacterial isolates [8]. 
2.5. Amplification of 16S rDNA Gene 
Bacterial genomic extraction was done using Qiagen DNeasy® DNA Extraction Kit, followed by 16S 
rDNA amplification using two universal primers: 63F (5’- CAGGCCTAACACATGCAAGTC – 3’) and 
1389R (5’ – ACGGGCGGTGTGTACAAG – 3’). Polymerase chain reaction was done using FIREPol DNA 
Polymerase Core Kit, (Solis BioDyne) following the standard three steps protocol as follows: 94 °C 
denaturation for 1 min, 60 °C primer annealing for 30 sec and extension at 72 °C for 30 sec, plus a final 
extension for 10 min at 72°C to establish complete elongation of the products. After products of PCR were 
observed and the expected bands were obtained, the product were purified using OMEGA Bio-Tek Cycle 
Pure E.Z.N.A Kit to clean the samples from proteins and contaminants prior to sequencing process. 
2.6 Sequencing and In-silico Analysis  
The amplified 16S rDNA genes product were sent for sequencing process to the private laboratory, First 
BASE Laboratories Sdn Bhd. Acquired 16S rDNA genes sequence were aligned and compared with a 
collection of 16S rDNA sequences in the GenBank by using the NCBI Basic Local Alignment Search Tools, 
nucleotide (BLASTn) program, as well as bioinformatics tool derived from Ribosomal Database Project; SEQ 
MATCH and RDP Classifier. RDP classifiers will provide taxonomic assignments from domain to genus. On 
the other hand, SEQ MATCH will provide added data specifically in providing the highest percentage of 
homologies based on sequence alignment. Multiple sequence alignment can be used to determine the species 
once their close relatedness has been detected. Preliminary bacterial identification were also done based on 
the comparison between the physiological and microscopic characteristics outlined in Bergey’s Manual and 
compilation data of biochemical and morphological characteristics done on the lipolytic isolates [7]. 
3. Results and discussion  
3.1 Screening and Isolation of Lipolytic Thermophiles 
In views of the fact that if the microorganisms are allowed to grow in a medium containing lipid or Tween 
80 as the only carbon source, then it should produce lipase enzyme to utilize lipid for their growth and 
metabolic needs. As lipase being the insoluble substance, the selective medium contains Tween 80 as the sole 
lipid substrate had been used. Twen 80 has been proved to be an excellent analogue of lipid and has been 
widely used as a reliable substrate in many experiments related to lipase enzymes. It is amorphous and 
esterified form of lipid. In this study, a total of 6 bacterial strains (K7S1T53D5, K7S1T53D6, K7S1T53D11, 
K7S1T53D12, K7S2T51D14 and K7S2T51D19) have been successfully isolated. Lipolytic isolates were 
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selected based on the formation of zone of hydrolysis around the colonies. Espinosa et al. (1990) [9] and 
Fariha et al. (2006) [6] reported that Tween 80 induces lipase synthesis by increasing cell permeability and 
also facilitates the export of certain compounds across the cell through its membrane in order to improve the 
availability of substrate for the microorganism. 
3.2 Morphological Characterstics 
The selected bacterial isolates that proved to show postive lipid hydrolysis activity was further evaluated 
and classified based on size, form, elevation, margins, color, texture, and opacity. Observation under 
microscopes showed that these lipolytic isolates produced colonies that are large with circular borders, convex 
in elevation with an entire margin and identify as opaque with respect to opacity. Acid fast and endospore 
staining results revealed that these isolates are non-acid fast type and do not possess the ability to produce 
endospores. All six positive strains with the ability to produce lipase has also been verified to be Gram-
positive bacteria, lack of flagella and rod-shaped. 
3.3 Biochemical Test 
Table 1.0 shows the biochemical reactions of all positive lipolytic isolates denoted as K7S1T53D5, 
K7S1T53D6, K7S1T53D11, K7S1T53D12, K7S2T51D14 and K7S2T51D19. Based on the Table 1.0 below, 
all of the isolates react positively only towards one single biochemical test; which is catalase test. The 
exception can be observed on isolate D5 and D19 that showed positive reaction in citrate utilization test. For 
the other tests, negative reactions exhibited in all of the bacterial isolates. 
Table 1.0 Biochemical characteristics of lipolytic thermophiles 
Biochemical tests  D5 D6 D11 D12 D14 D19 
Oxidase  - -  -  - - - 
Hydrolysis of starch  - -  -  - - - 
V-P reaction  -  -  -  -  -  -  
Catalase  +  +  +  +  +  +  
Urease  - - - - - - 
Citrate  + -  -  -  -  + 
Carbohydrate utilization - -  - - -  - 
Indole production  -  -  - - -  -  
Methyl-red  -  -  - - -  -  
Key: positive (+); negative (-) 
3.4 16S ribosomal DNA Genes 
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The acquired 16S rDNA gene sequences were analyzed using analysis software RDP Classifier in order to 
assign them into their respective phylogeny and bacterial taxonomy [10].  Based on the displayed results, it 
shows that all of the isolates were the members of Bacteria domain, Firmicutes phylum, Bacilli class, 
Bacillales order and Paenibacillaceae with K7S1T53D6 assigned to the genus of the Bacillus, while another 
five isolates labeled as K7S1T53D5, K7S1T53D11, K7S1T53D12, K7S2T51D14 and K7S2T51D19 were 
assigned to be the members of genus Brevibacillus. These results were correlated with the BLASTn results 
where it aligns the 16S rDNA sequences of the isolates specifically to Bacillus with 97% identity and 
Brevibacillus that fell in various range of 96% to 98% identity. 
In a study done by Bisht and Panda (2011) [12] at Taptapani Hot Spring in India, they have reported a 
successful isolation of bacteria isolates from the genus of Brevibacillus with the similar characteristics; 
thermotolerant with the ability to produce various classes of lipolytic enzyme, including carboxylesterases, an 
enzyme that belong to the class of serine hydrolases with the ability to hydrolyze carboxylic esters, true 
lipases, which exhibit maximal activity towards four major classes of phospholipase and water insoluble long-
chain triglycerides. Based on the results, bacterial isolates of K7S1T53D5, K7S1T53D11, K7S1T53D12, 
K7S2T51D14 and K7S2T51D19 that showed similarity percentage of 96% - 98% were characterized under 
Brevibacillus and deduced as thermophiles that has the ability to produce lipase. To be specific, the bacterial 
isolates showed very high percentages of homology with Brevibacillus borstelensis strain and Brevibacillus 
panacihumi. In comparison of morphological characteristics and the habitat where it is found, they share the 
very much alike characteristics; rod shape, flat and smooth colonies form on nutrient agar able to grow at pH 
7 and temperature 53 °C. 
Meanwhile, as for the genus Bacillus, a phylogenetic analysis based on 16S rDNA sequences showed that 
the new thermoalkalophilic isolates formed a genetically coherent group at the species level and fell into a 
major cluster together with members of the genera Bacillus with B. sonorensis, B. aerius and B. subtilis as 
their closest relatives. This result can be seen in the bacterial isolate of K7S1T53D6 since the isolates showed 
a very high similarity percentage with those species.  The levels of binary sequence similarity between the 
isolates and the three Bacillus species were between 94-97%. These values considered high enough to warrant 
placement of the isolates in a distinct species of the genus Bacillus. Study conducted by Fairolniza et al., 
(2011) [13] also shown bacterial isolated from hot spring in Perak was a thermophilic bacterium with its 
highest homology value of 99% similarity to Bacillus spp. The characterization of the bacteria is an aerobic 
bacteria that is Gram positive, rod shaped, immotile with the ability to grow at a high temperature ranging 
between 40°C to 80°C with an optimum growth of 70 °C. This particular Bacillus spp. shared the same 
characteristics in comparison to the isolates of K7S1T53D6, which was also observed to be able to grow and 
propagate on selective media with the same temperature and pH. Therefore, the bacterial isolate of 
K7S1T53D6 can be deduced as lipase producing thermophilic bacterium. 
Table 2. Data analysis on NCBI website using BLASTn 
Thermopilic 
Bacteria 
Isolates 
Sequence 
No. of nucleotidesa (%) Identityb Closest phylogenetic relative (GenBank accession no.) 
K7S1T53D5 1382 98 
95 
Brevibacillus borstelensis strain DSM 6347 (NR_040984.1) 
Brevibacillus borstelensis strain Logan B4029 (NR_029131.1) 
K7S1T53D6 1170 97 
94 
94 
Bacillus sonorensis strain NRRL B-23154 (NR_0251301) 
Bacillus aerius strain: 24K (NR_042338.1) 
Bacillus subtilis strain DSM 10 (NR_027552.1) 
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K7S1T53D11 1522 97 
97 
95 
Brevibacillus borstelensis strain DSM 6347 (NR_040984.1) 
Brevibacillus borstelensis strain Logan B4029 (NR_029131.1) 
Brevibacillus panacihumi strain DCY35 (NR_044485.1) 
K7S1T53D12 1512 96 
96 
Brevibacillus borstelensis strain DSM 6347 (NR_040984.1) 
Brevibacillus borstelensis strain Logan B4029 (NR_029131.1) 
K7S2T51D14 1372 96 
96 
94 
Brevibacillus borstelensis strain DSM 6347 (NR_040984.1) 
Brevibacillus borstelensis strain Logan B4029 (NR_029131.1) 
Brevibacillus panacihumi strain DCY35 (NR_044485.1) 
K7S2T51D19 1332 97 
96 
Brevibacillus borstelensis strain Logan B4029 (NR_029131.1) 
Brevibacillus panacihumi strain DCY35 (NR_044485.1) 
aThe number of 16S rDNA nucleotides used for the alignment. bThe % identity with the closest phylogenetic relative of thermophiles. 
4. Conclusion 
The above investigations clearly identified and classified bacteria isolated from Selayang Hot spring as 
neutrophilic thermophiles with the ability to produce lipase. A study such as this is a prerequisite for tapping 
the biotechnological potential of the microbes from this unique ecosystem.  From the 16S rDNA analysis, it 
can be concluded that these bacterial isolates derived from two genuses, which are the Brevibacillus and 
Bacillus. All Isolated lipolytic thermophiles possessed the capability to degrade its substrate even at an 
elevated temperature higher than 50 C. On another note, full-length sequencing of 16S rDNA genes and the 
16S rDNA restriction pattern analysis might be useful for finer differentiation and classification of the isolates. 
In order to deduce the maximal rate of the lipolytic activity of these bacterial isolates, enzymatic assay is 
recommended.  
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